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perpendicular to the film plane and casting direction, as well as by dark dots when the image was 
taken parallel to the film plane and casting direction. Interestingly, the Si-Si distance in .a POSS 
cage is 0.5 nm and the width of a POSS cage with cyclohexyl groups is 1.5 nm. 

Figure 5. TEM image of 8.8 wt % SisOll MC-POSS Kaptana measured at (a) HV = 120 
kV, Direct Magnification: 150,000x, and (b) HV = 120 kV, Direct Magnification: 200,000~. 

In our study, the films were solvent-cast by pouring the POSS poly(amic acid) onto a 
glass plate with no blade casting or forced directionality. As seen in Figures 5 and 6, the 7.0 and 
8.8 wt% Si8011 MC-POSS KaptonB films appear to have areas of good POSS dispersion and 
areas with darkened POSS-POSS aggregates, creating lamellae that are approximately 5 nm 
wide. There are also a very small number of darkened spheres approximately 5 nm wide. 
Fabrication of M C - P O S S - K ~ ~ ~ O ~ S @  has been carried out with much iteration over a multi-year 
time span, resulting in films with consistent physical properties and surface morphologies per 
MC-POSS content. Further investigation of these materials by energy dispersive x-ray analysis 
(EDX) may clarify the composition of the darkened areas. 

Figure 6. TEM image of 7.0 wt% Si8011 MC-POSS ~ a ~ t o n @  measured at (a) HV = 120 
kV, Direct Magnification: 150,00Ox, and (b) HV = 120 kV, Direct Magnification: 200,000~. 
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MC-POSS KaptonB films were flown on the Materials International Space Station 
Experiment - 1 (MISSE-1) for 3.9 years. The samples were placed such that they experienced 
the ram direction. Various images of the samples were taken throughout the flight, and these 
show that the 0 wt% POSS KaptonB was completely eroded in less than four months. The step 
heights from the unexposed area and the neighboring exposed portion of the sample were 
measured in 12 places around the circumference of each exposed sample. From these 
measurements, it was determined that the thickness of the masked 0 wt% POSS Kaptona was 
32.6 + 0.9 p.m. The erosion data are shown in Table 2, and SEM images of the flown 1.75 wt%, 
and 3.5 wt% Si8011 MC-POSS ~ a ~ t o n s @  are shown in Figures 7 and 8. It was determined by 
XPS that the atomic percentages of the top 10 nm of both POSS ~ a ~ t o n "  films were 34% Si, 
59% 0 ,  and 7% C for both the 1.75 and 3.5 wt% Si801 MC-POSS ~ a ~ t o n "  samples. 

(a) 10 microns = - (b) 200 nm = - 

Figure 7. Scanning electron micrographs of 1.75 wt% Si801 MC-POSS ICaptonB flown on 
MISSE-1. 

Figure 8. Scanning electron micrograph of 3.5 wt% SisOl MC-POSS ~ a ~ t o n @  flown on 
MISSE- 1. 

0, 1.75, 3.5, 5.25, and 7.0 wt% SisOll MC-POSS KaptonsB were flown on MISSE-5 in 
LEO for about one year and experienced an approximate A0  fluence of 1.8 x loZ0 atoms ~ m - ~ .  
Samples were located on the top side of the International Space Station and, although they were 

DISTRIBUTION A. Approved for public release; distribution unlimited. 
10 












